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 to	reduce	the	noise	emissions	of	freight	wagons;	 to	reduce	the	mass	of	a	bogie	to	be	under	Ͷ	t	and	 to	reduce	significantly	wear	and	running	resistance.		)n	addition:	










 The	 development	 of	 advanced	 vehicle	 dynamics	 concepts	 based	 on	 new	 wheel	profiles	and	improvements	in	suspension	design	responding	to	the	needs	of	a	mixed	traffic	railway;	 Developments	in	the	traction	and	braking	systems	for	high	speed	low	impact	freight	operation;	 Novel	designs	and	materials	 for	 lightweight	high	performance	 freight	wagon	body	vehicles	and	bogie	structures;	 Advanced	condition	based	predictive	maintenance	 tools	 for	 critical	 components	of	both	railway	vehicles	and	the	track;	 )dentification	 of	 performance	 based	 design	 principles	 to	 move	 towards	 the	 zero	maintenance	ideal	for	the	vehicle/track	system.		
Partners	in	the	project	have	carried	out	a	technology	review	to	identify	the	potential	innovative	technologies	to	meet	the	above	requirements	and	the	results	have	been	ranked	and	two	concept	vehicles	are	being	designed.	The	ǮConventionalǯ	vehicle	will	use	optimised	existing	technology	and	a	demonstrator	for	this	is	being	built	as	part	of	the	project.	The	ǮFuturisticǯ	vehicle	will	utilise	technology	which	has	not	yet	been	proven	in	the	railway	field	but	has	potential	to	make	greater	improvements.		Simulations	have	been	carried	out	of	the	dynamic	behaviour	of	the	concept	design	vehicles	running	on	typical	track	in	tare,	part	laden	and	fully	laden	cases.	)n	line	with	the	target	of	a	ͷͲ%	reduction	in	lateral	forces	on	the	track	and	stable	running	at	ͳͶͲ	km/h	a	suspension	using	double	Lenoir	linkages,	longitudinal	linkages	between	axle	boxes	and	centre	pivot	suspension	has	been	selected.	Computer	simulation	has	been	used	to	optimise	the	suspension	and	to	select	suitable	parameters	for	the	various	components.	Assessment	of	the	results	is	based	on:	
 Stability:	stable	running	on	typical	European	track	at	the	design	speed	of	ͳͶͲkm/h	must	 be	 ensured	 and	 ride	 quality	 ȋvertical	 lateral	 and	 longitudinal	 accelerations	experienced	by	the	goods	transportedȌ	will	be	assessed.	 Reduced	 track	 forces:	 track	 geometrical	 deterioration	 ȋballast	 settlement	 and	horizontal	level,	alignment	and	bucklingȌ,	rail	surface	damage	ȋwear,	rolling	contact	fatigue	 –	 RCFȌ	 and	 track	 components	 damage	 ȋsleeper	 cracking,	 rail	 pad	deterioration,	rail	fatigue,	fastening	deteriorationȌ	will	all	be	assessed.		A	benchmark	vehicle	has	been	selected	based	on	a	Yʹͷ	bogie	and	flat	bed	wagon	and	has	been	used	to	allow	quantification	of	the	benefits	of	the	new	design.		A	number	of	radical	innovations	were	considered	during	the	technology	review	stage	of	the	project	but	it	was	decided	that	the	use	of	double	Lenoir	link	primary	suspension	as	in	 the	Y͵͹	 series	 of	 bogies	 ȋfigure	ͶͶȌ,	would	 be	 investigated.	The	double	Lenoir	 link	suspension	 provides	 much	 lower	 longitudinal	 primary	 stiffness	 while	 still	 utilising	standard	 components	 and	 methods	 which	 are	 well	 established	 within	 the	 railway	industry.		
	
Figure	44:	A	suspension	with	double	Lenoir	links			
As	part	 of	 the	 optimisation	 of	 the	primary	 suspension	 the	 following	parameters	were	varied:	 The	vertical	coil	spring	stiffness	ȋKcȌ	 The	length	of	the	Lenoir	link	ȋLȌ	 The	angle	of	the	Lenoir	link	ȋA	is	the	offsetȌ	 The	 friction	 coefficient	 at	 the	 sliding	 surfaces	 ȋμyzȌ	 ȋcontrolled	 through	changing	materialȌ	 The	vertical	clearance	to	the	bump	stop	ȋdzͲȌ		These	parameters	are	illustrated	in	figure	Ͷͷ.			
	













































Damping in primary suspension





















































































































































 Wheel	unloading	on	curves	due	to	lateral	components	of	coupler	forces;	 Wagon	body	pitch	due	to	coupler	impact	forces	and	 Bogie	pitch	due	to	coupler	impact	forces		Cole	[ͻͶ]	describes	how	these	effects	can	be	assessed	in	different	cases	and	McClanachan	[ͻͷ]	and	El	Sibaie	[ͻ͸]	present	results	of	computer	simulations	including	coupler	models.			
6 Conclusions		Freight	vehicles	have	to	provide	satisfactory	performance	at	low	cost	in	tare	and	laden	condition	on	varying	track	quality.	This	has	resulted	in	several	standard	designs	including	the	Yʹͷ	and	the	three‐piece	bogie.	These	designs	use	friction	damping	proportional	to	the	vehicle	mass	to	provide	good	dynamic	performance	at	all	loading	conditions.	)n	recent	years	vehicle	designers	have	tried	to	improve	on	the	dynamic	performance	of	freight	wagons	and	the	use	of	computer	tools	have	helped	to	overcome	the	compromise	between	good	curving	performance	and	stability	at	higher	speeds.	This	has	resulted	in	a	number	of	innovative	designs	with	demonstrable	performance	improvements	but	it	is	notable	that	few	of	these	have	yet	to	make	significant	impact	in	the	worldwide	freight	train	fleets.		A	key	reason	for	this	lack	of	adoption	is	probably	the	innately	conservative	nature	of	the	railway	industry.	Of	course	this	often	has	a	sound	basis	in,	for	example,	the	benefit	of	using	standard	components	which	allow	effective	maintenance	of	widely	dispersed	fleets	of	vehicles	but	in	order	to	allow	the	benefits	of	the	innovative	techniques	and	designs	summarised	in	this	paper	it	is	time	to	reconsider	the	design	of	freight	vehicles.	This	could	allow	increases	in	speed	with	lower	impact	on	track	and	environment	and	a	resulting	step	change	in	performance	of	the	railway	system.	One	encouraging	sign	is	the	establishment	in	some	countries	of	track	access	charging	which	benefits	the	use	of	vehicles	with	Ǯtrack	friendlyǯ	suspension.	Together	with	emerging	legislation	and	growing	pressures	on	system	capacity	it	is	likely	that	the	demand	for	freight	vehicles	with	higher	dynamic	performance	will	climb	rapidly.	Rail	freight	only	can	contribute	in	mitigating	the	environmental	impacts	of	transportation	if	the	knowledge	and	todays	experience	for	innovative	products	is	used.	Some	basic	thoughts	can	be	found	here	and	in	[ͻ͹].	Optimising	performance	through	the	development	of	innovative	products	is	to	be	planned	and	procured	carefully.	This	paper	has	demonstrated	that	freight	vehicle	designers	have	innovative	designs	of	running	gear	and	computer	simulation	tools	ready	for	this	challenge.	
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